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Abstract: Semiconductor chip encapsulation process is employed to protect the chip and to achieve
optimal performance of the chip. Expert decision-making to obtain the appropriate package design or pro-
cess conditions with high yields and high productivity is quite difficult. In this paper, an expert system
for semiconductor chip encapsulation has been constructed which combines a knowledge-based system

with CAE software.
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1. Introduction

Knowledge-based systems have been proposed as
tools for constructing a rational design system for injec-
tion molding. Kim" developed such a knowledge-based
system for injection molding which synergistically
combines a rule-based expert system for heuristic
knowledge with analytical process simulation pro-
grams. Huh and Kim? constructed a knowledge-based
CAD system which incorporates comprehensive proc-
ess knowledge of injection molding together with a
machining-oriented geometric modeling capability of
current feature-based CAD systems. For the synthesis
and analysis of supplementary features. Ciriscioli et
al.> used expert system methodology to control the
process during autoclave curing of composites. How-
ever, there have been no previous attempts to apply an
expert system methodology to the semiconductor chip
encapsulation process.

Semiconductor chip encapsulation is employed to
protect the chip and to achieve optimal performance of
the chip. Transfer molding is currently the most popular
process for encapsulating integrated circuits¥. The
design and manufacture of semiconductor chips with
desired properties is a costly process dominated by
empiricism, including the repeated modification of
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actual tooling. It is quite difficult to obtain package
design or process conditions with high yields (i.e. with
minimum encapsulation defects such as incomplete fill,
part non-uniformity, wire sweep and voids) and high
productivity.

Expert decision-making to determine the appropriate
material, process conditions and package design requires
an experienced designer’s knowledge. The functions of
evaluating the initial design and generating redesign
recommendations are also needed to acquire a better
design based on the design-evaluation criteria. In this
paper, an expert system for semiconductor chip encap-
sulation has been constructed which combines a knowl-
edge-based system with CAE software.

2, System Overview

The system used in this study is composed of two
functional groups of software: a knowledge-base mod-
ule and CAE programs. The overall control and user
interface are managed by an expert system (Fig. 1). The
knowledge-base module includes heuristic and pre-
analysis knowledge for evaluation and redesign. Eval-
uation of the initial design and generation of redesign
recommendations can be developed from the rules as
applied to a given chip package.
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Fig. 1. A Framework of Knowledge-based Synthesis Sys-
tem for Chip Encapsulation.

CLIPS (a product of the Artificial Intelligence Sec-
tion of NASA/Johnson Space Center, TX), which is
written in C, is an expert system shell which is used in
this study to form rule-base. The expert system can trig-
ger necessary analysis modules, such as the flow-sim-
ulation program and the structural-analysis program.
PACK3DM?2” has been developed to analyze the chip
encapsulation process by the research group at CIMP
(Comnell Injection Molding Program).

It can be used for simulating the filling and packing
stage of encapsulation process. ABAQUS (a product of
HKS Inc.) is used for structural analysis. These CAE
programs perform analyses as requested, based upon
decision made by the expert system.

3. Evaluation of the Process
Condition

The semiconductor chip package is usually designed
by an applications engineer to have the necessary func-
tional requirements. Design tasks of chip encapsulation
are composed of the selection of material, the decision
of chip package geometry and the choice of process
conditions for meeting the requirements of processabil-
ity and performance of the package. In this study, the
objective is to develop an expert system that can even-
tually perform these tasks. The first step in this regard
has been to develop a module to evaluate the user-sug-
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Fig. 2. Flow Chart of Knowledge-based Synthesis System
for Chip Encapsulation.

gested process conditions. Specifically, this module
checks whether the suggested process conditions will
induce any processing problems such as wire sweep,
incomplete filling of voids. This evaluation procedure
has been divided into first- and second-level stages. The
first-level evaluation stage is for a quick evaluation
although its accuracy may not be adequate. The second-
level evaluation uses CAE analysis and knowledge-base
for more accurate evaluation. The flow charts for the
first- and second-level evaluations are shown in Fig. 2.

3.1 First-Level Evaluation

The evaluation of wire sweep will be discussed first.
In this regard, the behavior of a wirebond deformed by
a moving front needs to be quantified. The use of a
complicated CAE program for the wire-sweep analysis
may take much time and so we suggest a different,
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Fig. 3. (a) Top View of the Wirebond Configuration with
the Corresponding Resolved Forces and Moments;
(b) Side View of the Wirebond Loaded by the Flow-
Induced Force P. (From Reference 4).

more approximate, approach.

The following simple expression can be used for the
approximate estimation of wire sweep due to the flow
of a fluid, as illustrated in Fig. 3*®:
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where 0 is the maximum wire sweep in the flow direc-
tion, P is the total drag force on the wire, G is the shear
modulus, E is Young’s modulus, Ip is the polar moment
of inertia and I is the moment of inertia whereas h and
m are defined in Fig. 3. Also, C,p, U, S, D,,, 0,, are

0, the drag coefficient, resin density, flow velocity,
wire span, wire diameter, angle between direction of
drag force and Z-axis, and the angle between the direc-
tion of the drag force and X-axis, respectively. In addi-
tion 1, A* and a are the resin viscosity, half-gap
thickness of the cavity and radius of the wire. This
empirical equation is valid for a Newtonian fluid under
creeping flow(Re<<1) conditions®. Wire sweep is
defined as follows:

Wire Sweep=Maximum Wire Deflection in the
Flow Direction/Wire Length &)

If the wire sweep for the given chip geometry is greater
than some value (say 10 percent), it would be thought
to have a wire-sweep problem.

The following is an example of the rule used for wire
sweep assessment in the case of a Nitto Denko molding
compound.

IF : Molding compound is Nitto Denko [MP-
180]
and Wire type is [SPM1]
and Wire sweep is bigger than [10 percent]
THEN : Wire sweep problem is possible

On the other hand, the rule for evaluating a possible
short shot is as follows':

IF : The machine capacity is [p*Q ]
and The required pressure for the cavity fill-
ing is higher than {p]

THEN : Short shot is possible

where Q is the flow rate.

Regarding voids, there is no satisfactory model to
relate the amount of voids to the processing conditions;
in this study, we will use a very simple criterion for its
evaluation. The rule is as follows”:

IF : The required pressure [p] is smaller than the
saturation pressure [p, ] of the given mold-
ing compound

THEN: Void problem is possible

The assessment of the possibility of wire sweep, short
shot or voids is to be made through interactions be-
tween the designer and the expert system. The expert
system may guide the designer to reach an acceptable

Microelectronics & Packaging Socicty Vol. 9, No. 1 (2002)



46 Y.J. Huh

selection of process conditions.

3.2 Second-Level Evaluation

In order to get a more precise evaluation of possible
molding problems, a designer can trigger a second-level
evaluation module. An example will be given for the
wire-sweep problem evaluation.

To calculate the wire sweep, the drag force on the
wire due to flow should be needed to know. This can
be done by running PACK3DM?2. First, the expert sys-
tem requests the required input data to run the
PACK3DM?2 program. Then, the expert system triggers
the PACK3DM2 program to get the maximum drag
force on the wire during the filling and packing stage.
For the wire-deformation calculation due to the given
drag force, ABAQUS is used. The drag-force data
obtained from the flow simulation is read by an inter-
face program written in CLIPS to generate an
ABAQUS input file automatically. The input data file
includes the wire shape, the wire radius, the material
properties of the wire, and the drag force. Using this
input file, the wire deformation can be obtained by exe-
cuting the ABAQUS structural-analysis program.

4. Generation of Redesign
Recommendations

The expert system evaluates the molding process con-
ditions. If a molding problem is not detected, then the
procedure is completed. However, if any molding prob-
lem is indicated, then the expert system generates a
redesign recommendation to eliminate the molding
problem. In the case of wire sweep, the expert system
searches the knowledge base for reducing the wire
sweep. For example, it may recommend changing fill
time, mold temperature and/or ram velocity profile. The
heuristic rules for generating redesign recommenda-
tions are as follows:

Heuristic scheme for generating revised process
conditions

If the initial process conditions cause a wire-sweep
problem, the expert system recommends changing
either the mold temperature or fill time according to the
following procedure.
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From equation (1), we have
§ =KD (6)

where D, is drag force per unit length and K=

3L Gh 7 +L3—'Z.7 , with L being the wire length. To obtain the
heurfstic rale for generating a revised set of process
conditions, the flow velocity and the temperature may

be selected as dominant factors controlling the drag

force. From (6), we have
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dé = K(Ed‘“‘ é—f'dT) (7)
Then, from equations (6) and (7), we have
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From reference (7), we have the following form of
expression for drag force on the wire due to flow in
terms of the velocity and temperature of the fluid.

D = ("0+01V+a2v2+a3v3)e(b°+b1V)T ©
D 2. (by+bWT
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D

From equation (8), the velocity change dv can be
obtained if the desired reduction in wire deformation is
known and if we only want to change the fill time.
Finally, from the new velocity, the corresponding
revised filling time can be determined quantitatively,

namely
(tam) v
S0 2 (12)
(L, Vi

where 1 refers to the original conditions and 2 refers to
the new conditions. Alternatively, we may change the
mold temperature to achieve the same purpose. On the
other hand, the newly generated processing conditions
must be within the processing window which is the
range of processing condition where the viscosity of the
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Fig. 4. Representative ram velocity profile.

molding compound is near the minimum”.

Heuristic scheme for generating an optimal ram
velocity profile

From reference (9), the heuristic relation for gener-
ating a ram velocity contour is given as follows:

Volsin = Vit ¥ Valy +v3ly (13)

where v, is the ram velocity in the constant-ram-veloc-
ity case, and v, v, and v; are the ram velocities in
regions 1, 2 and 3, respectively, when we employ a non-
constant ram-velocity profile. Further, #,,7, and #
denote the time durations in regions 1, 2 and 3 (Fig. 4).
Let v, be the maximum velocity of the fluid in the wire
location before any cavity is filled and v, be the veloc-
ity at the end of the filling for the constant-ram-veloc-
ity case. The ratio of v, and v; is given by the
following relation:

V2 (Vb)
— = max| —
V3 Va

Runner balancing to reduce wire sweep can also be
adopted.¥
Using the above heuristic schemes, a rule for gener-

(14)

ating redesign recommendations to reduce wire sweep
can be written as follows.

IF : Wire sweep problem is possible

THEN : Increase the filling time as suggested by
the expert system’s heuristic scheme
or Increase the mold temperature as suggest-

Fig. 5. A schematic of the mold for encapsulation.
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Fig. 6. (a) Temperature and (b) velocity change at the central
point in cavity 1.

ed by the expert system’ heuristic scheme

or Apply the optimal ram velocity profile as

suggested by the expert system’s heuristic

scheme

or Apply runner balancing

An example of such an application will be given

below. A schematic of the mold used for this study is
shown in Fig. 5. Some of the results from the PACK3
DM2 for the original process condition are shown in
Fig. 6. The original processing conditions yield wire
deflection of about 2.4 x 10 m for the wire in cavity
1(cavity at the leftmost side). The goal is to reduce the
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Table 1. Resulting Maximum Wire-Deflection Values for
Original and Revised Process Conditions

Fill Time Mold Wire
©) T ¢0) Deflection
' (m)
Original 12 180 2.42e-4
Redesign 1 19 180 1.11e-4
Redesign 2 12 189 1.78e-4

wire deflection value to 1.6 X 1074 m (which is 2/3 of
the original value). The original and expert-system sug-
gested processing condition is shown in Table 1. The
original and new wire sweep values are given in the
same table which shows that revised process condition
give satisfactory wire sweep.

For the short-shot or void problem, no satisfactory
quantitative redesign rules presently exist. We may,
however, use qualitative redesign rules for the void
problem as given below.

IF : The required pressure [p] is smaller than the
saturation pressure [p,] of the given molding
compound and The required pressure [p] is
smaller than the allowable maximum pres-
sure [p]

THEN : Increase the pressure

New process conditions to improve the productivity
of the process can also be recommended. For example,
if the calculated wire sweep is smaller than the speci-
fication, the fill time can be reduced as long as the wire
sweep is within specification.

5. Conclusions

At the present time, the expert system includes syn-
thesis knowledge for evaluating and generating redesign
alternatives to reduce wire sweep, short shot and voids.
The expert system also includes material data for sev-
eral molding compounds and wires. The modular struc-
ture of the expert system allow expansion of the system
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to cover most attributes of the chip encapsulation by
adding knowledge modules. For example, we can add
design guide rules which is actually used by practi-
tioner in the chip encapsulation field. Also we may
add module to choose appropriate process condition if
there is conflict between results obtained from differ-
ent criterion.
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